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MULTI-STAGE AXIAL FLOW CYCLONE
SEPARATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase application under 35
U.S.C. § 371 of International Application No. PCT/TH2016/

000009 filed Feb. 8, 2016, which claims priority to Thailand
Patent Application No. 1501003008 dated Jun. 2, 2015, the

entire disclosures of which are hereby incorporated by
reference in their entirety.

FIELD OF THE INVENTION

This invention mvolves a multi-stage axial flow cyclone
separator.

BACKGROUND OF THE INVENTION

The present invention involves a high performance
cyclone separator which 1s a multi-stage axial flow cyclone
separator used for separating heterogeneous mixture of fluid
dispersion, both 1n continuous phase and discontinuous
phase which are not efliciently performed by conventional
cyclone separator.

Although the widely used cyclone separator can be pro-
duced with low cost compared with other fluid separation
method, 1ts limitation 1s low separation efliciency especially
when used with heterogeneous mixture of flmid 1n continu-
ous phase, e.g., milk, latex, and the like which cannot be
clliciently separated by conventional cyclone separator. The
disadvantage of the conventional cyclone separator 1s that 1t
operates as a single process, 1.€., there 1s only one source of
dynamic force for creating a swirling flow which injects
fluid tangentially to the internal wall of the cylindrical
chamber, and the swirling flow thus generated i1s a free
vortex, 1.e., a swirling flow swirling toward 1ts center, which
creates a higher accelerating centrifugal force near the center
as opposite to the distribution of the fluid when has been
applied with a centrifugal force. The separation doesn’t
occur 1n this portion but at the position where the swirling
flow reaches the end of the cone and a counter-swirl occurs
as a force vortex. The heavy phase 1s separated via the under
flow and the light phase 1s separated via the upper flow. The
process ends with no possibility to increase separation
cliciency by further connecting multiple cyclones to
increase swirling velocity and residence time. As in gener-
ating a swirling flow by injecting fluid via a tangential inlet
of a conventional cyclone when several cyclones are con-
nected, the preceding swirl will not be sustained and the
whole process has to be restarted since concerning the flow
from the upper outlet of preceding cyclone into a tangential
inlet of subsequent cyclone, the preceding swirling flow will
be destroyed by tangential tlow 1n the cylindrical wall of the
subsequent cyclone.

U.S. Pat. No. 4,289,611 A disclosed an invention of a
multi-stage cyclone separator for filtering dust in air. The
dust filter has a shape of 2 cylindrical tubes longitudinally
coupled to each other, helical blades being mounted in both
cylindrical tubes, a coaxial second cylindrical tube being
inserted 1n the outlet end of the first cylindrical tube, the
second cylindrical tube being smaller to a certain extent than
the first tube to provide a gap between both tubes, a
cylindrical tube inserted to the outlet end of the second
cylindrical tube being smaller to a certain extent than the
second cylindrical tube to provide a gap there between, air
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being introduced via the inlet of the first cylindrical tube via
the helical blades to create a swirling tlow. The swirling flow

generates a centrifugal force which throws dust with large
diameters toward the internal wall of the first cylindrical
tube to be separated. The air with dust having smaller
diameters tlows into the second cylindrical tube through
helical blades having an angle of less degree and smaller
cross section which accelerates the swirling flow. The fine
dust 1s thrown by centrifugal force to the wall of the second
cylindrical tube and separated.

The multi-stage cyclone separator according to said patent
has a disadvantage 1n that the acceleration of the swirling
flow using helical blades in each stage 1s creating a new
swirl but not actually an acceleration of the preceding swirl.
The helical blades 1n the next stage destroy the fluid distri-
bution pattern separated by density when applied with
centrifugal force from preceding swirl and generates a new
swirling flow. Therefore, an increase 1n number of stages of
the multi-stage cyclone separator according to this invention
does not promote the fluid separation 1n layers distribution
by the acceleration of swirling velocity from the added
cyclone stages but only generates discontinuous intermittent
swirling tlows from a low velocity swirling flow to high
velocity ones. Said multi-stage cyclone separator according
to the invention cannot generate increasing swirling accel-
cration and desirably increase residence time of the system
by increasing stages ol cyclone to increase separation efli-
ciency as desired.

SUMMARY OF THE INVENTION

The multi-stage cyclone separator according to the pres-
ent 1nvention comprises an apparatus for creating a swirling
flow being a cylindrical transmission base having an internal
cavity and a side penetrable hole for introducing fluid from
the outside 1nto the internal cavity of the transmission base.
The penetrable hole comprises an edge in convex curve
which 1s curved toward the circumierence of the internal
wall of the transmission base wherein the beginning of the
convex edge surface must have mimmum angle to the
emerging axis of the penetrable hole and the convex edge
surface must be the closest surface compared with other
surfaces surrounding the emerging axis of the penetrable
hole. The composition of said side penetrable hole and edge
surface 1s 1n accordance with the Coanda profile principle.
When a fluid having a pressure 1s pressed through a side
penetrable hole, 1t will be detlected to flow attaching to the
curved surface of the edge, 1.¢., Coanda eflect phenomenon.
With the Coanda eflect, the fluid in the internal cavity is
drawn to flow along the convex surface of the edge mounted
around the 1nternal wall of the cavity (heremnafter referred to
as “swirl generating chamber™). The swirl generating cham-
ber has a throat of a certain extent to promote generation of
swirling flow to a certain extent in the swirl generating
chamber before transferring 1t downstream in order to
induce the fluid to flow attaching to the surface on a plane
as laminar swirling flow 1n the swirl generating chamber and
the swirling flow 1s a force vortex, 1.e., the tangential
velocity 1s highest at 1ts circumference and the centrifugal
acceleration gradient profile 1s highest at 1ts circumierence,
1.e., on the convex surface of the edge and gradually
decreased toward the center of the swirl generating chamber.
This conforms to the distribution of fluid when applied with
centrifugal force wherein the flmd with higher density is
thrown to outer circumierence while the fluid with lower
density flows in the mner circumierence. The details of this
apparatus for creating a swirling flow 1s 1n accordance with
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the Tha1 patent No. 41173. The present apparatus for creat-
ing a swirling flow 1s inserted 1n a cylindrical tube of a
cyclone separator with a gap provided to a certain extent
between the cylindrical tube of the cyclone separator and a
cylindrical base of the apparatus for creating a swirling tlow
so as to be a space for distributing the fluid into the
penetrable hole of the transmission base of the apparatus for
creating a swirling flow wherein the inlet 1s formed on lateral
side the cylindrical tube of the cyclone separator or the inlet
1s 1nstalled axially at the upstream open end of the cylin-
drical tube of the cyclone separator. The above 1s primary
swirl creating section.

Following the primary swirl creating section, a swirl
acceleration section will be described which comprises a
cylindrical tube coaxially coupled to the primary swirl
creating section. The cylindrical tube 1s inserted with an
apparatus for accelerating a swirling tflow formed as a conic
transmission base having an internal cavity wherein a gap of
a certain extent 1s provided between the cylindrical tube and
the conic transmission base of the apparatus for accelerating
a swirling flow so as to be a space for distribution the fluid
into the penetrable hole of the apparatus for accelerating a
swirling flow and wherein the fluid inlet 1s formed on lateral
side the cylindrical tube. The apparatus for accelerating a
swirling flow 1s formed as a conic transmission base having
an internal cavity wherein the upstream open end of the
conic transmission base has a larger diameter than that of the
downstream open end of the transmission base, wherein a
penetrable hole 1s formed 1n lateral side of the transmission
base, the penetrable hole comprising a convex surface edge
curved toward the circumierence of an internal wall of the
transmission base, wherein the beginning of the convex edge
surface must have mimimum angle to the emerging axis of
the penetrable hole and the convex edge surface must be the
closest surface compared with other surfaces surrounding
the emerging axis of the penetrable hole. The arrangement of
the side penetrable hole and convex surface of the edge 1s in
accordance with the configuration of the Coanda profile
consequently causing a Coanda eflect which deflects the
fluid passing through side penetrable holes such that 1t flows
attaching on the convex surface and draws the flmd n the
internal cavity (hereimnatter referred to as “swirl accelerating
chamber”) to flow 1n and form a laminar swirling flow 1n the
swirl accelerating chamber and the swirling tflow 1s a force
vortex. Since the diameter of the upstream open end of the
transmission base of the apparatus for accelerating a swirl-
ing flow 1s larger than that of the downstream open end of
the transmission base and the circumierence of the internal
wall of the swirl accelerating chamber 1s gradually shorten
along the slope, the acceleration of the swirling flow 1s
increased along the longitudinal direction of the swirl accel-
erating chamber.

When the pressure 1n the fluid distributing chamber of the
swirl acceleration section 1s set higher than the pressure 1n
the fluid distribution chamber of the primary swirl creating,
section, the velocity of the swirl on the internal wall of the
swirl accelerating chamber will be higher than the swirling
velocity 1n the upstream portion in the primary swirl creating
chamber and the acceleration can be continuously increased
along the longitudinal direction of the swirl accelerating
chamber. As a result of the above-mentioned Coanda eflect,
the fluid 1n the swirl accelerating chamber which 1s trans-
mitted from the upstream of the primary swirl creating
chamber 1s drawn thereto and accelerated 1n accordance with
the higher velocity of the swirling 1n the swirl accelerating,
chamber to form a laminar swirling flow without agitating
the preceding swirl. The preceding swirl and the fluid
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distribution are sustained while the increased acceleration of
the swirling of tluid without agitation will increases the
centrifugal force applied to the fluid. Therefore, the separa-
tion eiliciency of the fluid with different densities 1s
increased and thus the distribution of flmd layers are more
distinguished in layers of density wherein the fluid with
higher density flows in outer circumierence and the fluid
with lower density tlows 1n 1nner circumierence.

Following the swirl acceleration section, a flmd separa-
tion section will be described which comprises a cylindrical
tube fixed on a flange and serving as a fluid transfer tube
provided 1n a longitudinal direction which 1s smaller than
and 1inserted axially into the center of outlet of the swirl
accelerating chamber wherein a gap 1s provided to a certain
extent between the outlet of the swirl acceleration section
and the external wall of the fluid transter tube. When a fluid
flows 1n a swirling flow with continuously ascending veloc-
ity, the heavy phase fluid 1s thrown to flow 1n outer circum-
ference and the light phase fluid flows 1n inner circumfier-
ence. When the fluid reach the connection portion between
the swirl acceleration section and the fluid separation sec-
tion, the heavy phase tluid will be screened out via the gap
between the outlet and the external wall of the cylindrical
tube for tluid transier (hereinafter referred to as “separation
chamber™) and the light phase tlowing 1n the inner circum-
terence will be separated via the cylindrical tube for fluid
transfer. The swirl of fluid separated via the gap for fluid
separation will be decayed in reservoir having a properly
controlled pressure and the heavy phase fluid 1s forced out
through the outlet.

The apparatus for creating a swirling flow and the appa-
ratus for accelerating a swirling flow according to the
present invention create a swirling flow and acceleration of
the swirl at circumierence of the internal wall of the swirling
generating chamber and the swirl accelerating chamber. The
Coanda effect will induce the fluid 1n said chambers to swirl
at 1ncreasing acceleration without agitating the preceding
swirl so that the additional swirl acceleration section which
1s subsequently connected to the fluid separation section can
be added to the system to increase the swirling velocity and
the residence time as desired.

The objective of the 1nvention 1s to increase the efliciency
of the cyclone separator by addition of cyclone stages to
continuously accelerate the swirling velocity without caus-
ing a turbulent flow and to increase residence time and to
provide a laminar swirling flow having a centrifugal accel-
eration gradient profile of force vortex, 1.e., the acceleration
of centrifugal force 1s highest at 1ts circumierence and 1is
decreased toward the center, which is the preferred centrifu-
gal force profile for separation of fluids in according to
different tluid densities when applied with centrifugal force.

In accordance with an exemplary embodiment of the
subject disclosure, there 1s provided a multi-stage axial tlow
cyclone separator comprising a primary swirl creating sec-
tion, a swirl acceleration section, and a fluid separation
section. The primary swirl creating section comprises an
outer structure having an open end and an 1inside tluid
distribution chamber for distributing fluid received from a
primary fluid inlet formed as at least one hole on a lateral
side of the outer structure or as at least one tube extending
from the lateral side of the outer structure for serving as
ports for transierring tluid to the fluid distribution chamber
for transtferring to a primary swirl generating chamber of an
apparatus for creating a swirling flow mounted inside the
outer structure. The apparatus for creating a swirling flow 1s
formed as an axial structure placed wholly or partially inside
the outer structure wherein the iside thereot 1s formed as a
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cylindrical primary swirl generating chamber and having at
least one lateral side penetrable hole for transierring fluid to
the primary swirl generating chamber. The swirl accelera-
tion section comprises an outer structure having an open end
in fluild commumication with the primary swirl creating
section and an 1nside tluid distribution chamber for distrib-
uting tluid received from a fluid mlet formed as at least one
hole on a lateral side of the outer structure or at least one
tube extending from the lateral side of the outer structure for
serving as ports for transferring fluid to the fluid distribution
chamber for transferring to a swirl acceleration chamber of
an apparatus for accelerating a swirling flow. The swirl
apparatus for accelerating a swirling flow 1s formed as an
axial structure disposed wholly or partially inside the outer
structure having an inside conic swirl acceleration chamber
for receiving fluid from the fluid distribution chamber and
having at least one lateral side penetrable hole on a lateral
side of the apparatus for accelerating a swirling flow for
serving as inlets for flmd flowing from the fluid distribution
chamber into the swirl accelerating chamber. The fluid
separation section comprises an outer structure having an
open end 1n fluid communication with the swirl acceleration
section and an inside space for gathering a heavy phase of
the tluid for transier through a lateral side outlet formed as
at least one hole on a lateral side of the outer structure or at
least one tube extending from the lateral side of the outer
structure for serving as ports for transferring the heavy phase
fluid, and a fluid transier tube axially mounted 1n a center
inside the outer structure. The flmd transfer tube 1s formed
as a cylindrical tube having an inside cylindrical cavity for
serving as an outlet of light phase fluid and to provide an
annulus space, wherein a diameter of the fluid transfer tube
1s smaller than a circular hole formed on a center of the
outlet open end of the swirl acceleration section, and
wherein the annulus space serves as a space for fluid
separation for separating heavy phase fluid and transferring
the fluid to the fluid gathering space.

An aspect of the exemplary embodiment 1s that the
primary swirl generating chamber has a throat for promoting,
formation of a swirling flow 1n the primary swirl generating
chamber 1n a suflicient amount and velocity before it 1s
transierred. The open end of the outer structure 1s formed as
a closure plate to direct the fluid only through an inlet of the
primary tluid inlet. The primary fluid inlet axially draws the
fluid from an upstream open end, the primary fluid inlet
comprising the closure plate for closing only the open end of
the apparatus for creating a primary swirling flow at the
upstream open end and opening a space around the appara-
tus for creating the primary swirling tlow to allow the fluid
to flow 1n the fluid distribution chamber and to the primary
swirl generating chamber through the side penetrable hole.
The multi-stage axial flow cyclone separation further com-
prises at least one conic extension comprising one of a
conical accelerating section longitudinally connected with a
fluid separation section or a cylindrical acceleration section
longitudinally connected with the fluid separation section to
be coupled to the tluid separation section. Furthermore, fluid
separation section can be a divergent type of fluid separation
section.

Another aspect of the exemplary embodiment 1s that an
edge surface next to the lateral side penetrable hole 1s a
convex surface wherein a beginming of the convex surface
has a minimum angle to an emerging axis of the lateral side
penetrable hole and the convex surface 1s closer compared
with other surfaces surrounding the emerging axis of the
lateral side penetrable hole, wherein the composition of said
lateral side penetrable hole and the convex surface of the
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edge surface next to the lateral side penetrable hole 1s 1n
accordance with a Coanda profile wherein fluid through the
penetrable hole 1s deflected to the convex surface creating a
Coanda eflect inducing the fluid i the primary swirl gen-
crating chamber to flow along a flow line A 1n a laminar
manner on a plane of the curved surface such that a laminar

swirling flow 1s formed in the primary swirl generating
chamber.

Another aspect of the exemplary embodiment 1s that the
an edge surface of the lateral side penetrable hole 1s a convex
surface, a beginning of the convex surface having a mini-
mum angle to an emerging axis of the lateral side penetrable
hole and the convex surface i1s closer compared with other
surfaces surrounding the emerging axis of the side pen-
ctrable hole wherein a composition of said lateral side
penetrable hole and the convex surface 1s 1n accordance with
a Coanda profile wherein flmd pressed through the pen-
ctrable hole 1s detlected to the convex surface creating a
Coanda eflect inducing the fluid n the swirl accelerating
chamber transterred from the primary swirl creating section
to flow along a flow line A' 1n a laminar manner on a plane
of the convex surface such that a laminar swirling flow 1s
formed 1n the swirl accelerating chamber, wherein a diam-
cter of an upstream open end 1s larger than that of a
downstream open end of a transmission base of the appa-

ratus for accelerating the swirling flow, wherein the accel-
eration of the fluid 1s increased as a circumierence 1is
shortened along the slope of a conic base of the apparatus for
accelerating the swirling flow before the fluid 1s transferred
to the fluid separation section.

Another aspect of the exemplary embodiment 1s that one
open end of the outer structure of the fluid separation section
1s Tormed as an outer attaching tlange for serving as an edge
for attaching the fluid transfer tube.

In accordance with an exemplary embodiment of the
subject disclosure, there 1s provided a multi-stage axial flow
cyclone separator comprising a primary swirl creating sec-
tion, a swirl acceleration section and a flud separation
section. The primary swirl creating section includes an outer
structure having an open end, a fluid distribution chamber,
and a primary fluid 1nlet adjacent the outer structure of the
primary swirl creating section, a primary swirl generating,
chamber, and a side penetrable hole for transferring fluid
from the fluid distribution chamber to the primary swirl
generating chamber. The swirl acceleration section includes
an outer structure having an open end 1n fluid communica-
tion with the primary swirl creating section, an inside fluid
distribution chamber and a fluid inlet adjacent the outer
structure of the swirl acceleration section, a swirl accelera-
tion chamber, and a side penetrable hole transterring fluid
from the fluid distribution chamber to the swirl acceleration
chamber. The fluid separation section includes an outer
structure having an open end 1n fluild communication with
the swirl acceleration section, and an inside space, a lateral
side outlet adjacent the outer structure of the outer structure
of the fluid separation section, and a fluid transier tube
axially mounted to a center inside the outer structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-C show the multi-stage axial flow cyclone
separator according to the present invention. FIG. 1B 1s a
cross section of the multi-stage axial tlow cyclone separator
of FIG. 1A along B-B. FIG. 1C 1s a cross section of the
multi-stage axial flow cyclone separator of FIG. 1A along
C-C.
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FIG. 2 shows a conic extension for accelerating a swirling,
flow subsequently connected to a fluid separation section of

a multi-stage axial tlow cyclone separator according to the
present mvention.

FIG. 3 shows a cylindrical extension for accelerating a
swirling flow subsequently connected to a fluid separation
section of a multi-stage axial flow cyclone separator accord-
ing to the present mvention.

FIG. 4 shows a divergent type of fluid separation section
of a multi-stage axial flow cyclone separator according to
the present mnvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

According to FIGS. 1A-C, the multi-stage axial flow
cyclone separator according to the present invention coms-
prises a primary swirl creating section 1 connected to a swirl
acceleration section 2 and connected to a fluid separation
section 3 wherein

the primary swirl creating section 1 comprises an outer
structure of the primary swirl creating section 4 formed as an
outer structure having an open end and an inside cavity for
fluid distribution 5 for distribution fluid received from a
primary fluid inlet 6 wherein

the primary fluid inlet 6 1s formed as at least one hole on
a lateral side of the outer structure of the primary swirl
creating section 4 or as at least one tube extending from
lateral side of the outer structure of the primary swirl
creating section 4 for serving as ports for transierring flmd
from the outside to the fluid distribution chamber 5 for
transierring to a swirl generating chamber 7 of an apparatus
for creating a swirling flow 8 mounted inside the outer
structure of the primary swirl creating section 4 wherein

the apparatus for creating a swirling flow 8 1s formed as
an axial structure placed wholly or partially inside the outer
structure of the primary swirl creating section 4 wherein the
inside thereof 1s formed as a cylindrical space for creating
primary swirling flow 7 and at least one lateral side pen-
ctrable hole 9 for transterring fluid to the space for creating
primary swirling flow 7 wherein

an hole side edge surface of the lateral side penetrable
hole 9 1s formed as a convex surface ¢ wherein the beginning
of said surface have mimimum angle to the emerging axis a
of the side penetrable hole 9 and the convex surface c 1s the
closest surface compared with other surfaces surrounding
the emerging axis a of the side penetrable hole 9. The
composition of the lateral side penetrable hole 9 and the
convex surface ¢ of the hole side edge surface of the lateral
side penetrable hole 9 1s 1n accordance with the Coanda
profile. The fluid pressed through the penetrable hole will be
deflected to tflow attaching to the convex surface ¢ shown as
flow line b creating Coanda effect inducing the flmid 1n the
primary swirl generating chamber 7 to flow along the flow
line A to flow 1n a laminar manner on the plane of the curved
surface ¢ such that a laminar swirling flow 1s formed 1n the
primary swirl generating chamber 7 wherein

the swirl generating chamber 7 has a throat 20 for
promoting formation of a swirling flow 1n the primary swirl
generating chamber 7 1n a suflicient amount and velocity
betore 1t 1s transferred to the swirl acceleration section 2 and

one open end of the outer structure of the primary swirl
creating section 4 1s formed as a closure plate 10 for closure
in order to direct the fluid only through the inlet of the
primary fluid inlet 6 and

the primary fluid inlet 6 can be alternatively designed to
introduce the fluid to flow 1n axially from the upstream open
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end with a closure plate 10 for closing only the open end of
the apparatus for creating a swirling tlow 8, and keeping the
open end, of the fluid distribution chamber 5 open to let the
fluid flow 1nto the flmd distribution chamber 3 and into the
primary swirl generating chamber 7 through the lateral side
penetrable hole 9

the other open end of the outer structure of the primary
swirl creating section 4 1s formed as a primary swirl struc-
ture attaching flange 11 for attachment to a primary swirl
structure receiving flange 12 of an outer structure of the
swirl acceleration section 14 and

the swirl acceleration section 2 comprises the outer struc-
ture of the swirl acceleration section 14 formed as an outer
structure having an open end and an inside fluid distribution
chamber 15 for distribution fluid receiving from a fluid inlet
16 wherein

the fluid 1nlet 16 1s formed as at least one hole on lateral
side of the outer structure of the swirl acceleration section 14
or at least one tube extending from lateral side of the outer
structure of the swirl acceleration section 14 for serving as
ports for transierring fluid from the outside to fluid distri-
bution chamber 15 for transferring to swirl accelerating
chamber 17 of an apparatus for accelerating a swirling tlow
18 wherein

the apparatus for accelerating a swirling flow 18 1s formed
as an axial structure disposed wholly or partially inside the
outer structure of the swirl acceleration section 14 having an
inside conic swirl acceleration chamber 17 mounted 1nside
the outer structure of the swirl acceleration section 14 for
receiving fluid from the fluid distribution chamber 15 and

on lateral side of the apparatus for accelerating a swirling
flow 18, at least one lateral side penetrable hole 19 1is
provided for serving as inlets for fluid flowing from the fluid
distribution chamber 15 into the swirl acceleration chamber
17 wherein

one open end of the outer structure of the swirl accelera-
tion section 14 1s formed as a primary swirl structure
receiving flange 12 for attachment to the primary swirl
structure attaching flange 11 of the primary swirl creating
section 1 and

the other open end of the outer structure of the swirl
acceleration section 14 1s formed as a fluid separation
section structure recerving flange 13 for attachment to a tluid
separation section structure attaching flange 21 of the tluid
separation section 3 wherein

the apparatus for accelerating a swirling flow 18 mounted
inside the outer structure of the swirl acceleration section 14
having an axial conic tube shape disposed wholly or par-
tially inside the outer structure of the swirl acceleration
section 14 has the fluid inlet 16 on lateral side of the outer
structure of the swirl acceleration section 14 for transferring
fluid 1nto the fluid distribution chamber 15, the fluid having
a pressure being pressed through the lateral side penetrable
hole 19 of the apparatus for accelerating a swirling flow 18
into the inside swirl accelerating chamber 17 for swirl
acceleration 1inside the swirl acceleration chamber 17
wherein

a hole side edge surface of the lateral side penetrable hole
19 1s formed as a convex surface c¢', the beginning of the
convex curve of said surface has a minimum angle to the
emerging axis a' of the lateral side penetrable hole 19 and the
convex surface ¢' 1s the closest surface compared with other
surfaces surrounding the emerging axis a' of the penetrable
hole 19. The composition of said lateral side penetrable hole
19 and the convex surface c¢' 1s in accordance with the
Coanda profile. The fluid pressed through the penetrable
hole will be detlected to tlow attaching to the convex surface
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¢' shown as flow line b' creating Coanda effect inducing the
fluid 1n the swirl accelerating chamber 17 which 1s trans-
ferred from the primary swirl creating section 1 to flow
along the flow line A' to flow 1n a laminar manner on the
plane of the convex surface ¢' such that a laminar swirling
flow 1s formed 1n swirl accelerating chamber 17. Since the
diameter of the upstream open end 1s larger than that of the
downstream open end of the transmission base of the
apparatus for accelerating a swirling tlow 18, the accelera-
tion of the swirling tlow of fluid 1s increased as the circum-
terence 1s shorten along the slope of the conic base of the
apparatus for accelerating a swirling tlow 18 before the flud
1s transierred to the fluid separation section 3.

The fluid separation section 3 comprises an outer structure
of the fluid separation section 22 formed as an outer struc-
ture having an open end and an inside space 23 for gathering
the heavy phase fluid for transfer through lateral side outlet
24 wherein

the lateral side outlet 24 1s formed as at least one hole on
lateral side of the outer structure of the fluid separation
section 22 or at least one tube extending from lateral side of
the outer structure of the fluid separation section 22 for
serving as ports for transferring heavy phase fluid. A fluad
transier tube 25 1s mounted axially in the center inside the
outer structure of the fluid separation section 22 wherein

the fluid transfer tube 25 1s formed as a cylindrical tube
having mside cylindrical cavity 26 for serving as an outlet of
light phase fluid and the diameter of the fluid transfer tube
25 1s smaller than that of the open end at the outlet of the
swirl acceleration section 2 which 1s formed as a circular
hole 1n the center to provide an annulus space for fluid
separation 27 for separating heavy phase fluid and transfer-
ring the fluid to the space 23 and

one open end of the outer structure of the fluid separation
section 22 1s formed as the tluid separation section structure
attaching flange 21 for attachment to the fluid separation
section structure recerving flange 13 of the swirl acceleration
section 2 and

the other open end of the outer structure of the fluid
separation section 22 1s formed as an outer attaching flange
28 for serving as an edge for attaching the fluid transier tube
25.

The efliciency of the multi-stage axial flow cyclone
separator according to the present invention can be
improved by connection of extensions i1n various forms
including one according to FI1G. 2 which 1s a conic extension
for accelerating the swirling flow subsequently connected to
the fluid separation section or the one according to FIG. 3
which 1s a cylindrical extension for accelerating the swirling,
flow subsequently connected to the flmid separation. That 1s
at least one set of extension as foresaid coupled to the fluid
separation section 3 of the multi-stage axial flow cyclone
separator according to the present mnvention.

The multi-stage axial flow cyclone separator according to
the present mvention can be configured for separation of
gaseous fluid by coupling to an divergent fluid separation
section according to FIG. 4 instead of the fluid separation
section 3 according to FIGS. 1A-C.

According to the outer structure of the primary swirl
creating section 4 of the primary swirl creating section 1
mounted with the apparatus for creating a swirling flow 8,
the swirling flow of the flmd 1s formed as a force vortex and
accelerated by the apparatus for accelerating a swirling tlow
18 which 1s also a formation of a force vortex swirl thereby
creating a profile of centrifugal force distribution of force
vortex 1.e. centrifugal force or tangential velocity 1s highest
at circumierence of the swirl generating chamber. The
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centrifugal force applied to the fluid creates a distribution of
the fluid 1n a profile that the heavy phase fluid flows 1n outer
circumierence and the light phase fluid flows 1n 1nner
circumierence. When reaching the space for fluid separation,
the heavy phase fluid will flow through the space for fluid
separation 27 into a gathering chamber 23 and exit via the
outlet 24 but the light phase of the fluid will flow 1n 1nner
circumierence and exit via a cylindrical cavity 26 of the fluid
transier tube 25.

The multi-stage axial flow cyclone separator according to
the present invention 1s designed to sequentially increase the
pressure 1n fluid distribution chamber 1n each stage from
upstream to downstream and to provide a pressure at the
downstream outlet that 1s lower than that of the upstream
outlet 1n order to continuously accelerate the swirling flow.

The mnvention claimed 1s:

1. A multi-stage axial tlow cyclone separator comprising;:

a primary swirl creating section (1) comprising an outer
structure (4) having an open end and an iside fluid
distribution chamber (5) for distributing fluid received
from a primary fluid inlet (6) formed as at least one hole
on a lateral side of the outer structure (4) or as at least
one tube extending from the lateral side of the outer
structure (4) for serving as ports for transierring fluid to
the fluid distribution chamber (8) for transferring to a
primary swirl generating chamber (7) of an apparatus
for creating a swirling flow (8) mounted inside the
outer structure (4),

wherein the apparatus for creating a swirling flow (8) 1s
formed as an axial structure placed wholly or partially
inside the outer structure (4) wherein the inside thereof
1s formed as a cylindrical primary swirl generating
chamber (7) and having at least one lateral side pen-
ctrable hole (9) for transferring fluid to the primary
swirl generating chamber (7), an edge surface next to
the lateral side penetrable hole (9) 1s a convex surface
¢ wherein a beginning of the convex surface has a
minimal angle to an emerging axis a of the lateral side
penetrable hole (9) and the convex surface c¢ 1s closer
compared with other surfaces surrounding the emerg-
ing axis a of the lateral side penetrable hole (9).
wherein the composition of said lateral side penetrable
hole (9) and the convex surface ¢ of the edge surface
next to the lateral side penetrable hole (9) 1s 1n accor-
dance with a Coanda profile wherein fluid through the
penetrable hole 1s deflected to the convex surface c
creating a Coanda eflect inducing the fluid in the
primary swirl generating chamber (7) to flow along a
flow line A in a laminar manner on a plane of the curved
surface ¢ such that a laminar swirling flow 1s formed 1n
the primary swirl generating chamber (7);

a swirl acceleration section (2) comprising an outer struc-
ture (14) having an open end 1n fluid communication
with the primary swirl creating section (1) and an 1nside
fluad distribution chamber (15) for distributing tluid
received from a fluid inlet (16) formed as at least one
hole on a lateral side of the outer structure (14) or at
least one tube extending from the lateral side of the
outer structure (14) for serving as ports for transferring
fluid to the flmd distribution chamber (15) for trans-
ferring to a swirl acceleration chamber (17) of an
apparatus for accelerating a swirling flow (18),

wherein the apparatus for accelerating a swirling tflow
(18) 1s formed as an axial structure disposed wholly or
partially inside the outer structure (14) having an side
conic swirl acceleration chamber (17) for receiving

fluid from the fluid distribution chamber (15) and
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having at least one lateral side penetrable hole (19) on
a lateral side of the apparatus for accelerating a swirling
flow (18) for serving as inlets for flud flowing from the
fluad distribution chamber (15) into the swirl acceler-
ating chamber (17),

wherein an edge surface of the lateral side penetrable hole
1s a convex surface, a beginning of the convex surface
having a mimmal angle to an emerging axis of the
lateral side penetrable hole (19) and the convex surface
¢' 1s closer compared with other surfaces surrounding
the emerging axis a' of the side penetrable hole (19)
wherein a composition of said lateral side penetrable
hole (19) and the convex surface ¢' 1s 1n accordance
with a Coanda profile wherein tluid pressed through the
penetrable hole 1s deflected to the convex surface c'
creating a Coanda eflect inducing the fluid in the swirl
accelerating chamber transferred from the primary
swirl creating section (1) to flow along a flow line A' 1n
a laminar manner on a plane of the convex surface c'
such that a laminar swirling flow 1s formed 1n the swirl
accelerating chamber (17), wherein a diameter of an
upstream open end 1s larger than that of a downstream
open end of a transmission base of the apparatus for
accelerating the swirling tflow (18), wherein the accel-
eration of the fluid 1s increased as a circumierence 1s
shortened along the slope of a conic base of the
apparatus for accelerating the swirling flow (18) before
the fluid 1s transterred to a fluid separation section (3);
and
the flmd separation section (3) comprising an outer struc-
ture (22) having an open end 1n fluid commumnication
with the swirl acceleration section (2) and an inside
space (23) for gathering a heavy phase of the fluid for
transier through a lateral side outlet (24) formed as at
least one hole on a lateral side of the outer structure
(22.) or at least one tube extending from the lateral side
of the outer structure (22) for serving as ports for
transferring the heavy phase fluid, and a fluid transter
tube (23) axially mounted in a center inside the outer
structure (22),

wherein the fluid transter tube (25) 1s formed as a cylin-
drical tube having an inside cylindrical cavity (26) for
serving as an outlet of light phase fluid and to provide
an annulus space (27), wherein a diameter of the tluid
transier tube (25) 1s smaller than a circular hole formed
on a center of the outlet open end of the swirl accel-
eration section (2), and wherein the annulus space (27)
serves as a space for fluid separation for separating
heavy phase fluid and transferring the flmd to the fluid
gathering space (23).

2. The multi-stage axial flow cyclone separator according,
to claim 1, wherein the primary swirl generating chamber (7)
has a throat (20) for promoting formation of a swirling flow
in the primary swirl generating chamber (7) 1n a suilicient
amount and velocity before 1t 1s transierred.

3. The multi-stage axial tlow cyclone separator according,
to claim 1, wherein the primary fluid inlet (6) axially draws
the fluid from an upstream open end, the primary fluid inlet
(6) comprising the closure plate (10) for closing only the
open end of the apparatus for creating a primary swirling
flow (8) at the upstream open end and opening a space
around the apparatus for creating the primary swirling tlow
to allow the fluid to flow 1n the fluid distribution chamber (5)
and to the primary swirl generating chamber (7) through the
side penetrable hole (9).

4. The multi-stage axial tlow cyclone separator according,
to claim 1, further comprising at least one conic extension
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comprising one ol a conical accelerating section longitudi-
nally connected with a fluid separation section or a cylin-
drical acceleration section longitudinally connected with the
fluid separation section to be coupled to the fluid separation
section (3).

5. The multi-stage axial flow cyclone separator according
to claim 1, wheremn the fluid separation section (3) 1s a
divergent type of fluid separation section.

6. The multi-stage axial tlow cyclone separator according
to claim 1, wherein the open end of the outer structure (4)
1s formed as a closure plate (10) to direct the fluid only
through an inlet of the primary fluid inlet (6).

7. The multi-stage axial flow cyclone separator according,
to claim 1, wherein one open end of the outer structure of the
fluid separation section (22) 1s formed as an outer attaching
flange (28) for serving as an edge for attaching the fluid
transier tube (25).

8. A multi-stage axial flow cyclone separator comprising:

a primary swirl creating section (1) including;

an outer structure (4) having:
an open end, and
a fluid distribution chamber (5),
a primary fluid inlet (6) adjacent the outer structure
(4) of the primary swirl creating section (1),
a primary swirl generating chamber (7), and
a side penetrable hole (9) for transferring fluid from the
fluid distribution chamber (5) to the primary swirl
generating chamber (7);
a swirl acceleration section (2) including:
an outer structure (14) having:
an open end 1n fluid communication with the primary
swirl creating section (1), and
an 1nside fluid distribution chamber (15),
a fluid 1nlet (16) adjacent the outer structure (14) the
swirl acceleration section (2),
a swirl acceleration chamber (17), and
a side penetrable hole (19) transferring fluid from the
fluad distribution chamber (15) to the swirl accelera-
tion chamber (17);
a fluid separation section (3) including:
an outer structure (22) having:
an open end 1n fluid communication with the swirl
acceleration section (2), and
an inside space (23),
a lateral side outlet (24) adjacent the (22) of the fluid
separation section (3), and
a fluid transfer tube (25) axially mounted to a center
inside the outer structure (22);
an apparatus for creating a swirling tlow (8) inside the
outer structure (4) of the primary swirl creating section
(1), the apparatus 1including:
the primary swirl generating chamber (7) formed as a
cylindrical primary swirl generating chamber (7).
the side penetrable hole (9) formed as a lateral side
penetrable hole (9), and
an edge surface adjacent the lateral side penetrable hole
(9), the edge surface having a convex surface begin-
ning section having a minimal angle relative to an
emerging axis of the lateral side penetrable hole (9);
and

an apparatus for accelerating a swirling flow (18) side

the outer structure (14) of the swirl acceleration section

(2), the apparatus 1including:

the swirl acceleration chamber (17) formed as an nside
conic swirl acceleration chamber (17),

the side penetrable hole (19) formed as a lateral side
penetrable hole (19);
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an edge surface adjacent the lateral side penetrable hole
(19), the edge surface having a convex surface
beginning section having a minimal angle relative to
an emerging axis of the lateral side penetrable hole
(19),

a downstream open end, and

an upstream open end, wherein a diameter of the
upstream open end 1s larger than a diameter of the
downstream open end.

9. The multi-stage axial tlow cyclone separator according,
to claim 8, wherein the fluid transfer tube (23) of the fluid
separation section (3) 1s a cylindrical tube having an inside
cylindrical cavity (26) with a diameter less than a diameter
of the downstream open end of the swirl acceleration section
(2).

10. The multi-stage axial tlow cyclone separator accord-
ing to claim 8, wherein the open end of the outer structure
(22) of the fluid separation section (3) includes an outer
flange (28) for attaching to the tluid transier tube (25).

11. A multi-stage axial flow cyclone separator comprising:
a primary swirl creating section (1) icluding:
an outer structure (4) having:

an open end, and
a fluid distribution chamber (5),

a primary fluid inlet (6) adjacent the outer structure
(4) of the primary swirl creating section (1),

a primary swirl generating chamber (7),
a side penetrable hole (9) formed as a lateral side
penetrable hole (9) for transferring fluid from the

fluid distribution chamber (5) to the primary swirl
generating chamber (7), and

an edge surface adjacent the lateral side penetrable hole
(9), the edge surface having a convex surface begin-
ning section having a minimal angle relative to an
emerging axis of the lateral side penetrable hole (9);

a swirl acceleration section (2) including;:

an outer structure (14) having:

an open end 1n fluid communication with the primary
swirl creating section (1), and

an inside fluid distribution chamber (15),

a tluid let (16) adjacent the outer structure (14) of
the swirl acceleration section (2), and
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a swirl acceleration chamber (17), and
a side penetrable hole (19) formed as a lateral side
penetrable hole (19) for transferring fluid from the
fluad distribution chamber (15) to the swirl accelera-
tion chamber (17), and
an edge surface adjacent the lateral side penetrable hole
(19), the edge surface having a convex suriace
beginning section having a mimmal angle relative to
an emerging axis of the lateral side penetrable hole
(19); and
a fluid separation section (3) including:
an outer structure (22) having:
an open end 1n fluid communication with the swirl
acceleration section (2), and
an inside space (23),
a lateral side outlet (24) adjacent the outer structure
(22) of the fluid separation section (3), and
a fluid transfer tube (25) axially mounted to a center
inside the outer structure (22).
12. The multi-stage axial flow cyclone separator accord-
ing to claim 11, turther comprising an apparatus for creating
a swirling flow (8) inside the outer structure (4) of the
primary swirl creating section (1), the apparatus including
the primary swirl generating chamber (7) formed as a
cylindrical primary swirl generating chamber (7).
13. The multi-stage axial flow cyclone separator accord-
ing to claim 11, further comprising an apparatus for accel-
erating a swirling flow (18) inside the outer structure (14) of
the swirl acceleration section (2), the apparatus including:
the swirl acceleration chamber (17) formed as an 1nside
conic swirl acceleration chamber (17);

a downstream open end; and

an upstream open end, wherein a diameter of the upstream
open end 1s larger than a diameter of the downstream
open end.

14. The multi-stage axial flow cyclone separator accord-
ing to claim 13, wherein the fluid transfer tube (25) of the
fluid separation section (3) 1s a cylindrical tube having an
inside cylindrical cavity (26) with a diameter less than a
diameter of the downstream open end of the swirl accelera-
tion section (2).

15. The multi-stage axial flow cyclone separator accord-
ing to claim 11, wherein the open end of the outer structure
(22) of the fluid separation section (3) includes an outer
flange (28) for attaching to the tfluid transfer tube (25).
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